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We demonstrate highly efficient control of antiferromagnetic (AFM) magnon spins by the interfacial
exchange interaction in heterostructures of ferrimagnetic yttrium iron garnet (YIG) and AFM Cr2O3. At
low temperatures, Cr2O3 is antiferromagnetically ordered. The interfacial exchange interaction exerted by
YIG lifts the degeneracy between the AFM magnon modes in Cr2O3, resulting in a net spin polarization
and a spin current dominated by left-handed magnons, even at zero magnetic field, which is detected
by the spin Seebeck effect with a 5-nm-thick Pt film. In the AFM magnon-dominated region, even if
the magnetic field is not sufficiently strong to induce the spin-flop transition in Cr2O3, the total spin
Seebeck signal polarity flips when the YIG magnetization switches. It clearly indicates that the Cr2O3

magnon polarization is controlled by YIG magnetization through the interfacial exchange interaction. The
demonstration of the efficient control of AFM magnon polarization opens a pathway to manipulate AFM
magnon quantum states using FM-AFM heterostructures.
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I. INTRODUCTION

Magnons, the sole carriers of angular momentum in
insulating magnetic solids, have been actively explored for
energy-efficient magnon-based spintronics in recent years
[1–3]. Owing to the intrinsically ultrafast spin dynamics
and robustness against magnetic field perturbations, anti-
ferromagnetic (AFM) insulators have become a particu-
larly interesting focus of recent studies [4–14]. Analogous
to electrons in metallic ferromagnets (FMs), magnons in
collinear AFMs have two quantum spin states associated
with the two eigenmodes corresponding to opposite chiral-
ities in spin precession, as shown in Fig. 1(a) [15–18]. This
is distinctly different from magnons in FMs, where only the
right-handed chirality is present, which always gives rise
to finite spin polarization. In AFMs, spin polarization and
magnon spin currents can be induced when the degeneracy
between the two eigenstates is lifted, similar to electrons
in metallic FMs.

Recent experimental studies have established the elec-
trical detection of AFM magnon spin currents in uniaxial
AFMs generated either thermally (i.e., spin Seebeck effect
or SSE) or resonantly (i.e., AFM spin pumping) [4–13]
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under a large external magnetic field, H. In SSE mea-
surements, when H is applied parallel to the Néel vector
with the magnitude below the spin-flop (SF) threshold,
the left-handed magnon states (β mode) with the mag-
netic moment down (parallel to H ) are more populated
than the right-handed magnon states (α mode), result-
ing in a net spin density and a magnon spin current in
the presence of a temperature gradient. The SSE signal
flips sign when H exceeds the SF threshold because the
AFM ground state gives way to a quasi-FM spin con-
figuration [13]. However, a large H in excess of 1 T
is often required to induce an appreciable spin current.
The AFM spin pumping suffers from the same drawback.
Here, we propose a FM-AFM heterostructure approach
that leverages the interfacial exchange coupling. Differ-
ent from the well-known exchange-bias effect [19] in
FM-AFM, here, it is the reverse effect of the same inter-
action that we are exploiting to manipulate AFM magnon
spin currents, not simply the static spin configurations.
Namely, we deal with the back action of the same inter-
facial exchange bias on the AFM magnon quantum states
or the dynamic properties of the AFM layer by the FM
layer. We demonstrate that the AFM magnon dispersions
can be controlled by a relatively weak magnetic field that
is strong enough to alter the FM magnetization. A sim-
ilar interfacial exchange-interaction effect is adopted to
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(a) (b)

FIG. 1. (a) Illustration of two magnon eigenmodes in colinear
antiferromagnet: α and β modes, each with magnetic moment
μ. Throughout the paper, arrows indicate magnetic moment
directions of electrons, which differ from the spin-polarization
directions by a minus sign. (b) Exchange interaction from FM
acts on AFM as a static biasing field and lifts the degeneracy of
α and β modes even at H = 0. As FM magnetization reverses, the
quantization axis for AFM magnons flips accordingly.

induce a time-reversal breaking mechanism by the FM in
FM-nonmagnetic heterostructures, but on the static spin
properties [20–26].

II. FM-AFM HETEROSTRUCTURES AND SSE
MEASUREMENTS

In a FM-AFM heterostructure, the FM layer acts effec-
tively as the source of a biasing magnetic field, which lifts
the degeneracy of the two eigenmodes of the AFM layer,
as shown in Fig. 1(b). With respect to the FM magneti-
zation direction, the β-mode magnons (moment down or
μβ mode) in the AFM layer dominates the magnon spin
current due to their lower energy. Upon flipping the FM
magnetization, the polarization direction of the β-mode
magnons reverses accordingly. The left-handed β-mode
magnons populated in the AFM layer compete with the
right-handed magnons generated in the FM layer. This
competition may lead to a sign change of the inverse spin
Hall effect (ISHE) voltage in a heavy-metal layer placed
on top of the AFM layer.

We use the material structure shown in Fig. 2(a) to
investigate the aforementioned effect. We first grow a
10–15-nm-thick single-crystalline ferrimagnetic yttrium
iron garnet (YIG or Y3Fe5O12) layer on (110)-oriented
gadolinium gallium garnet (GGG or Gd3Ga5O12) sub-
strates using pulsed laser deposition. Typical growth con-
ditions for high-quality epitaxial YIG films can be found
elsewhere [27]. To grow Cr2O3 films on YIG, we explore
a variety of growth conditions, including different growth
temperatures, laser energies, growth times, and postgrowth
annealing temperatures and durations. The film quality
is characterized by in situ reflection high-energy elec-
tron diffraction (RHEED), atomic force microscopy, high-
resolution transmission electron microscopy (HRTEM),
and energy-dispersive x-ray spectroscopy (EDX). We

(a)

(d)

(f) (g)

(e)
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FIG. 2. (a) Material stack for YIG/Cr2O3/Pt SSE devices.
(b),(c) EDX and HRTEM images of ML-Cr2O3 sample. (d),(e)
SSE device schematic (upper) and normalized SSE loops (lower)
at selected temperatures measured in two orthogonal orienta-
tions. (f) Temperature dependence of SSE at saturation (2 kOe).
Due to Pt-length difference, the H ||YIG [001] curve is manu-
ally rescaled to match the H ||YIG [110] curve at 300 K. Error
bar represented by the standard deviation for 5-K data (noisiest)
is about the size of the symbols shown in the figure. (g) Tem-
perature dependence of SSE at saturation (2 kOe) in the YIG/Pt
control sample.

identify a narrow growth temperature window between
400 and 600 °C that yields reasonably smooth polycrys-
talline Cr2O3 films but results in a very slow growth rate
(∼5–10 nm/h). Postgrowth annealing above 750 °C, by
either a furnace or rapid thermal annealer, further improves
the film crystallinity but generally increases the film rough-
ness, as tracked by RHEED and atomic force microscopy.
We find that the final film thickness also depends on the
annealing time, in addition to other factors, such as the
growth temperature and laser energy. Due to the sensitiv-
ity to the large number of parameters, we generally obtain
Cr2O3 films over a range of thicknesses (0.73–15 nm). The
thinnest Cr2O3 in our sample set is a monolayer (ML)
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(a) (b)

FIG. 3. EDX mapping (a) and HRTEM (b) image of the cross
section of YIG/Cr2O3(12 nm)/Pt device. From left to right, lay-
ers are GGG, YIG, Cr2O3, Pt, and Al2O3 in (a); and YIG, Cr2O3,
Pt, and Al2O3 in (b). Polycrystalline grains in Cr2O3 can be seen
in the HRTEM image, and arrows represent the c-axis direction
in two representative grains.

with a thickness of 0.73 nm, as determined from these
images [Figs. 2(b) and 2(c)], denoted as ML-Cr2O3. Simi-
lar images on a representative of thick samples are shown
in Fig. 3. The HRTEM image of the 12-nm Cr2O3 sam-
ple [Fig. 3(b)] reveals the polycrystalline nature of the
film, with the c axis oriented off the surface normal of the
interface.

After growing Cr2O3 films on YIG, we deposit a 5-nm-
thick Pt layer on top using magnetron sputtering. We form
two different sets of Pt patterns, as schematically shown
in Figs. 2(d) and 2(e) (channel width of 100 or 200 μm
and length ranging from 2 to 4 mm) by photolithography
and inductively coupled plasma etching. The etched Pt pat-
tern is covered by a 50-nm-thick Al2O3 insulating layer
grown by atomic layer deposition followed by a 30-nm
Cr/Au heater layer deposited using e-beam evaporation.
The heater-layer pattern is formed by photolithography and
liftoff and aligned to the etched Pt pattern underneath.

We perform SSE measurements in Quantum Design’s
DynaCool physical property measurement system and
Janis’ 4-K closed-cycle system down to a temperature of
4 K. In the SSE measurements, we use a Keithley 6221
ac source meter to apply an ac current with a constant
amplitude in the Cr/Au heater, a Keithley 2000 voltmeter
to measure the ac voltage across the heater, and SR830
locked-in amplifiers combined with SR560 preamplifiers
to detect the ISHE voltages from the Pt channels. We typ-
ically set the frequency of the heating current at 17 Hz,
then measure the double-frequency SSE signals at 34 Hz.
The signals are amplified by 1000 times with the SR560
preamplifier.

III. SSE IN HETEROSTRUCTURE WITH
ML-Cr2O3

As shown in the top panels of Figs. 2(d) and 2(e), we
perform SSE measurements with the in-plane magnetic

field, H, set along two orthogonal directions in the
ML-Cr2O3 device. To obtain maximum SSE responses,
we record the voltage in the Pt channel that is oriented
perpendicular to H. In the low-field regime (<2 kOe),
the field strength is sufficiently large to saturate the YIG
magnetization but insufficient to change the Néel vector
of Cr2O3. The bottom panels of Figs. 2(d) and 2(e) dis-
play the measured ISHE voltage normalized by heating
power as a function of H at selected temperatures for
both orientations. A common feature in the two sets of
SSE data is that the loop becomes inverted at and below
60 K. The loop inversion is clearly illustrated by plotting
the normalized ISHE voltage at saturation versus temper-
ature, as shown in Fig. 2(f). In contrast, the SSE of the
YIG/Pt control sample does not change sign throughout
the entire temperature range; therefore, here, we use the
YIG/Pt loop as our SSE reference and define its SSE sign
as positive [Fig. 2(g)]. In comparison, the SSE signal from
YIG/Cr2O3/Pt is positive at room temperature, which is
expected because ML-Cr2O3 is paramagnetic at 300 K,
and therefore, the total SSE signal should originate from
the transmitted and attenuated spin current generated in the
YIG layer. At lower temperatures, however, Cr2O3 orders
antiferromagnetically, so we expect a change in the total
SSE behavior. Therefore, we attribute the observed SSE
sign change to the AFM ordering of Cr2O3. When H is
applied along the [110] direction, the sign change occurs at
about 65 K and remains negative below this point. When H
is applied along the [001] direction, the sign change occurs
at about 53 K, and the signal vanishes below 10 K. In a
previous study, Qiu et al. reported that the propagation of
FM magnons was blocked by an AFM Cr2O3 layer, the
Néel vector of which was perpendicular to the polarization
of FM magnons [28]. We do not observe sharp shutoff of
the SSE signal below TN . As discussed below, the in-plane
c-axis configuration explains the negative signal due to the
AFM β-mode magnons [9,10,29,30].

To understand the contribution from the AFM magnons,
we first determine the TN of the ML-Cr2O3 film from our
SSE measurements. In general, we expect an enhanced
SSE near TN due to critical fluctuations [9]. In YIG/Cr2O3
heterostructures, this critical anomaly of Cr2O3 is super-
imposed on the YIG/Pt SSE background, which makes it
difficult to cleanly separate the two. However, we observe
a peak at about 150 K in the ML-Cr2O3 sample, which
occurs about 50 K higher than the YIG/Pt SSE peak;
therefore, we identify 150 K as the TN of the ML-Cr2O3
film [Fig. 4(a)]. Below TN , as the long-range AFM order
is established, the β-mode AFM magnons become an
additional spin-current source and can dominate spin trans-
port due to direct contact with Pt. In AFM materials
alone, however, nonzero equilibrium spin polarization can
only be induced by a magnetic field. At low tempera-
tures, where the negative squared SSE hysteresis loops
in YIG/Cr2O3/Pt are observed, two zero-field β-mode
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(a) (b)

Tpeak = 152 K
Tpeak = 297 K

FIG. 4. Temperature dependence of the SSE voltage normal-
ized by heating power VSSE/P for Y3Fe5O12/ML-Cr2O3/Pt (a)
and Y3Fe5O12/Cr2O3(12 nm)/Pt (b). Relatively broad peak cen-
ters around 152 K in the ML-Cr2O3 sample (a). In the 12-nm
Cr2O3 sample (b), the peak shifts to 297 K, closer to the TN of
bulk Cr2O3 crystals. Similar SSE anomaly at TN is observed in
standalone Cr2O3 films (without YIG) with various thicknesses
ranging from 7 to 100 nm, indicating the critical fluctuation
origin of the peak.

magnon polarizations exist. This is only possible when
Cr2O3 is subjected to a strong effective field, which stems
from the exchange coupling. At the YIG/Cr2O3 inter-
face, the exchange coupling plays the role of the external
field and lifts the degeneracy of the two AFM magnon
eigenmodes in ML-Cr2O3. If the exchange coupling is fer-
romagneticlike, it makes the thermal excitation of the β
mode energetically favorable. Spin polarization of such
β-mode magnons is along the magnetization of the YIG,
hence opposite to the spin polarization of the FM magnons.
When H exceeds the coercive field, HC, of YIG, its mag-
netization switches, so does the quantization axis of the
AFM magnons, resulting in a SSE hysteresis loop. Via
a strong exchange interaction, a small external magnetic
field (e.g., ∼100 Oe) can reverse the AFM spin polariza-
tion, as long as H >HC of YIG, and retain it even at H = 0.
Between the two orthogonal in-plane field directions, i.e.,
YIG [110] and YIG [001], we observe a similar charac-
teristic temperature dependence, such as the negative SSE
over approximately the same temperature range, as shown
in Fig. 2(f), indicating a distribution along the in-plane
c-axis orientation in the ML-Cr2O3 film.

In this low-field regime, the spin state in Cr2O3 is essen-
tially untouched by H. To investigate the field responses of
Cr2O3, we measure SSE data by extending the maximum
H to 60 kOe. A set of representative high-field SSE hys-
teresis loops is displayed in Fig. 5(a), which also contains
the low-field data previously shown in Fig. 2. While the
low-field loops undergo a sign change as the temperature
is lowered, the high-field SSE signals remain positive over
the entire temperature range. At high temperatures, where
the low-field SSE signal is positive, the high-field response
is a mere extension of the already saturated signal. At low
temperatures, however, the overall field dependence can

(a)

(b)

FIG. 5. (a) Normalized SSE hysteresis loops in YIG/ML-
Cr2O3/Pt measured up to 60 kOe. (b) Comparison of low-field
(2 kOe) and high-field (60 kOe>SF field) SSE signals in both
[110] and [001] field orientations. Error bar represented by the
standard deviation for the 30-K high-field data (noisiest) is about
the size of the symbols shown in the figure.

be viewed as a superposition of two signals: a negative
low-field hysteresis loop and a positive high-field back-
ground. Above the saturation field of the low-field loop,
much higher fields (i.e., in excess of 60 kOe) are needed
to bring the total SSE signal to saturation. It is noteworthy
that at lower temperatures the low-field SSE loop inversion
is accompanied by higher fields required to reach satura-
tion. Figure 5(b) compares the temperature dependences
of the SSE signals taken at low (2 kOe) and high (60 kOe)
fields in both field orientations. Clearly, as the temperature
is lowered, a significant discrepancy between the two field
regimes starts to emerge below TN but preceding the SSE
sign change. On the other hand, the high-field SSE shows
a similar all-positive trend to that in YIG/Pt, except that
the peak in the former is broader than that in the latter.
The broader high-field SSE temperature-dependence peak
may be composed of the YIG SSE peak at about 100 K
[Fig. 2(g)] and the critical peak of Cr2O3 near TN ∼ 150 K
[Fig. 3(a)]. For the grains with the c axis parallel to YIG
magnetization, the β-mode magnon contribution, i.e., the
negative SSE, is suppressed as H approaches the SF field.
We note that, because of the lower TN in ML-Cr2O3, the
AFM exchange strength and, consequently, the SF field
will be reduced compared to Cr2O3 bulk crystals. An even
higher H than the SF field causes spins to flop and induces
a canted moment, which drives the Cr2O3 SSE toward
positive sign because of the right-handed magnon con-
tribution. For the c-axis orientations not parallel to YIG
magnetization, a canted moment exists, even at low H.
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Additionally, in this canted spin configuration, more FM
magnons from YIG can reach the Pt layer mediated by
the canted magnetic moments in Cr2O3. Consequently, a
larger YIG spin current is transmitted through the larger
field-induced canted moments and produces a larger posi-
tive SSE signal. It is interesting to note that the high-field
SSE voltage magnitude in Fig. 5(b) shows an upturn at
low temperatures. A similar trend was previously observed
in other systems [31] and is likely due to the high-field-
induced magnon-thermal-conductivity suppression at low
temperatures.

IV. SSE IN HETEROSTRUCTURE WITH
12-nm-THICK Cr2O3

To further confirm the above AFM magnon picture, we
now turn to YIG/Cr2O3/Pt devices with thicker Cr2O3
layers. Here, we show the results from the 12-nm-thick
polycrystalline Cr2O3 sample for which the EDX and
HRTEM results are shown in Fig. 3. The SSE temperature
dependence for H along YIG [110] is shown in Fig. 4(a).
The TN of this 12-nm-thick Cr2O3 film is found to be about
300 K, closer to the bulk TN of 308 K [see Fig. 4(b)].
Similar to the ML sample, the SSE signal is positive at
high temperatures (here, T> 300 K). As the temperature
decreases, the SSE peaks at 300 K are followed by a sharp
decline. The much-reduced positive SSE signal continues
decreasing in magnitude and passes zero at about 200 K.
Then it stays negative until about 80 K, below which the
signal becomes too small to be detected. As mentioned ear-
lier, the similar sharp decline of the SSE reported by Qiu
et al. [28] is interpreted as a shutoff of the incoming spin
current in YIG by the frozen AFM moments below TN
when the Néel vector of Cr2O3 is perpendicular to the FM
magnon polarization. Here, in addition to the precipitous
drop, we can still well resolve the much smaller positive
and negative SSE signals below TN that are not observed
in Refs. [28,32]. It is interesting that both the monolayer
and 12-nm samples have a negative SSE region. Based
on these observations, we arrive at the following expla-
nation. In ML-Cr2O3, the c axis is in-plane, together with
which the in-plane interfacial exchange field produces the
negative SSE, as previously discussed. In contrast, the 12-
nm polycrystalline film develops a significant fraction of
grains with the out-of-plane c axis [representative image
shown in Fig. 3(b)]. These grains block the spin current
from YIG, as in Ref. [28], which results in a much-reduced
SSE signal from the remaining grains with the in-plane c
axis. Such structural differences between the ML and thick
Cr2O3 films can arise from film growth. In thicker Cr2O3
films, the interfacial constraint is weaker; consequently,
more grains can adopt the out-of-plane c-axis orientation.

In FM-AFM bilayers, the interfacial exchange is often
revealed by a shifted hysteresis loop of the FM layer. In the
thick Cr2O3 sample, we indeed observe shifted hysteresis

2000 Oe cooled

H || [110]

H (Oe)

–400 0 400

–0.2

0.2

0.0

–2000 Oe cooled

FIG. 6. Temperature dependence of saturated SSE magnitude
for both field orientations. Inset shows shifted SSE loops in
YIG/Cr2O3(12 nm)/Pt after field cooling along YIG [110] per-
formed in the negative SSE region.

loops, as shown in the inset of Fig. 6, by performing
field cooling from 320 K in constant fields, +2000 and
−2000 Oe, respectively. In the negative SSE region, a loop
shift of about 80 Oe is clearly visible, which is indicative
of the exchange-bias effect [19,33]. Not only is this loop
shift a confirmation of antiferromagnetism in our Cr2O3
films, but also validates the reverse exchange-bias effect
on Cr2O3, which has exactly the same interfacial origin as
that in the shifted YIG hysteresis loops.

V. THEORETICAL MODELING RESULTS

We formulate an intuitive theory to uncover the essential
physics underlying the sign change of the magnon SSE.
Since both the YIG and Cr2O3 are thin films, magnon
modes are highly quantized due to geometric confinement;
hence, the diffusive transport picture, in which T can be
viewed as a continuous function [34], does not apply.
Instead, we assume that the temperature drop, �T, pri-
marily takes place across the interface of Cr2O3 and Pt
because of the thermal conductivity mismatch, whereas T
essentially remains constant inside the YIG and Cr2O3 thin
layers. The SSE signal is then proportional to the inter-
facial nonequilibrium spin density, δSz. To calculate the
ratio δSz/�T as a function of T, we first need to obtain
the magnon-band structures in FM-AFM heterostruc-
tures. We adopt a lattice model and describe the system
by the Heisenberg Hamiltonian, H = HFM + HAFM + HT,
where HFM = JF

∑
〈ij 〉 Si · Sj + KF

∑
i S2

iz describes the
YIG layer, HAFM = JA

∑
〈ij 〉 Si · Sj + KA

∑
i S2

iz describes
the Cr2O3 layer, and HT = Jt

∑
x,y Sx,y,NF · Sx,y,NF+1 is the
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exchange Hamiltonian of the FM-AFM interface. Here,
JF (JA) and KF (KA) are the exchange coupling and uniax-
ial anisotropy of the FM (AFM) subsystem, and Jt denotes
the exchange coupling between the coupled FM and AFM
layers. Without loss of generality, we consider a simple
cubic lattice and assume periodic boundary conditions in
the lateral dimensions (i.e., x and y directions). The layer
number along the plane normal (i.e., z direction) is NF (NA)

for the FM (AFM) layer. Using the Holstein-Primarkoff
transformation and a Fourier transformation, we diago-
nalize the Hamiltonian and numerically solve the band
structure [35]. We obtain three distinct bands, arising from
the hybridization of FM and AFM magnons, as schemat-
ically illustrated in Fig. 7. Magnons in the lowest band
are localized inside the FM and have only a small prob-
ability of interacting with the electrons from Pt (on the
rightmost boundary). The other two bands originate from
the α and β modes carrying opposite spins; these bands
are split in energy by the exchange interaction, Jt. When Jt
is ferromagnetic (antiferromagnetic), the β band (α band)
with magnetic moment up (moment down) is lowered,
which competes with (enhances) the FM band in creating
nonequilibrium spin density, δSz, at the Cr2O3/Pt interface.

For linear order in �T, we obtain δSz/�T =∑
n

∫
dkxdkyψn(N )|σz|ψn(N )∂Tρ(εn, T), where n is the

band index, σz is the z component of the Pauli matri-
ces, N = NF + NA is the total layer number, ψ(N ) locates

(a)

(c)

(b)

FM band FM band
a band

a bandb band

b band

FIG. 7. (a),(b) Schematic magnon-band diagrams and spatial
profile of wave functions with positive and negative Jt. Lowest
band is the FM band with the moment-down (spin-up) polariza-
tion. Wave functions of the FM band are mostly localized inside
FM. (c) Nonequilibrium spin accumulation, δSz , over �T at the
interface for Jt = 0.1 and Jt =−0.1. Layer numbers of FM and
AFM are NF = 30 and NA = 3, respectively.

the magnon wave function (ψ) at the rightmost interface,
and ρ(ε, T) = 1/[eε/kBT − 1] is the Bose-Einstein distri-
bution. Using typical material parameters, Fig. 7(c) plots
the numerical result of δSz/�T as a function of T for two
different Jt, which confirms the comparative physical pic-
tures depicted in Figs. 7(a) and 7(b). Specifically, when the
exchange coupling is ferromagnetic [Jt < 0, see Fig. 7(b)],
the β-mode magnons (moment up or spin down) directly
compete with the moment-down FM magnons. Because
the AFM layer is in direct contact with the Pt layer, the
β-mode magnons have a larger probability of interacting
with electrons, while the moment-down FM magnons have
a larger thermal population because of their lower energy.
As the temperature increases, the former becomes more
important, which leads to β-mode magnon-dominated neg-
ative SSE signals. At higher temperatures, more a-mode
magnons are excited, which causes the net polarization to
change sign. This interesting temperature dependence of
SSE, as represented by δSz/�T, is shown by the blue curve
in Fig. 7(c). In contrast, if the exchange coupling is antifer-
romagnetic [Jt > 0, see Fig. 7(a)], however, no sign change
is predicted, as indicated by the red curve in Fig. 7(c).
Our experimental data imply the ferromagnetic interfacial
exchange interaction in YIG/Cr2O3.

VI. CONCLUSION

We demonstrate the ability to efficiently control Cr2O3
magnon spin polarization by leveraging the interfacial
exchange interaction in YIG/Cr2O3 heterostructures. The
exchange coupling between YIG and Cr2O3 with in-plane
c-axis orientation splits the AFM magnon bands at zero
magnetic field that leads to magnon spin currents pro-
duced by both AFM quantum spin states. Our work opens
up many exciting possibilities of exploiting the interfacial
exchange interaction in FM-AFM heterostructures for con-
trolling spin polarization and ultrafast spin dynamics of
AFM materials.
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